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Abstract 
In the hydrogen production by chemical looping process using syngas derived from biomass, iron-based oxygen 
carriers are very important which can react with steam to produce pure hydrogen. In this paper, wet and dry mixing 
methods were used to prepare iron-based oxygen carriers supported on Al2O3. The mass ratio of Fe2O3 was 70% and 
all the Fe2O3/Al2O3 oxygen carriers were calcined at 950°C for 6h. H2-Temperature Programmed Reductions (TPR) 
and reduction reaction with H2 at temperatures range from 800°C to 950°C were carried out on a TGA. The results 
showed that 900°C was the best temperature to realize the highest reduction conversion of oxygen carriers. Oxygen 
carriers prepared by both methods were further tested in a fixed bad reactor for 10 cycles to produce hydrogen. The 
results showed that particles prepared by dry mixing method had high reactivity in the hydrogen production by 
chemical looping in a fixed bed reactor which got the hydrogen yield about 2200μmol H2/g Fe2O3. 
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1. Introduction 
Chemical looping combustion (CLC) is a novel combustion technology with inherent separation of 
CO2. In the process, oxygen carriers transport oxygen from the air to the fuels to avoid direct contact 
between air and fuels. Fan et al. had proposed the application in hydrogen generation by chemical looping 
using coal derived syngas [1]. Kang et al. found Fe2O3 was suitable oxygen carriers after a thermal 
analysis of hydrogen production by chemical looping process [2]. Besides, Fan et al. evaluated some metal 
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oxides such as Ni, Cu and Fe through tests and also found that Fe2O3 was the best suitable oxygen 
carriers[3]. 
 Hydrogen production via chemical looping process also can be applied in biomass waste utilization. 
The routine is as follows: biomass derived syngas is oxidized by oxygen carriers; the reduced oxygen 
carriers then react with steam to produce hydrogen and finally oxidized by air. Fe2O3 is the best candidate 
as the oxygen carriers[4] and can be prepared by several  methods[5]. In the previous research, oxygen 
carriers were prepared by sol-gel method and had good reduction performance, however, sol-gel method 
was very complex and the precursors were poisonous. Mechanical mixing is a simple and fast method to 
prepare oxygen carriers.  
The aim of this work is to evaluate the reactivity of iron-based oxygen carriers Fe2O3 supported on 
Al2O3 prepared by wet and dry mixing methods in a thermogravimetry and a fixed bed for hydrogen 
production.  
2. Materials and Methods 
2.1. Oxygen Carriers Preparation  
Iron-based oxygen carriers were prepared by wet and dry mixing methods. In the wet mixing method, 
ferric nitrate solution and commercial Al2O3 powders were used as precursors. In the dry mixing method, 
commercial Fe2O3 and commercial Al2O3 powders were used as precursors. The precursors of both 
methods were mixed by ball milling and then dried in an oven at 80°C for 12h. The dried mixture was 
then calcined in a muffle furnace at 950°C for 6h. Finally the oxygen carriers were composed of 70 wt% 
Fe2O3 and 30 wt% Al2O3 theoretically and named JZ70 and JX70 separately for wet and dry mixing 
methods. 
The samples were sieved and the 0.1~0.2mm particles were used for a thermogravimetry evaluation 
and the 0.45~0.9mm particles for a fixed bed evaluation. 
2.2. Particle Characterization  
The phase composition and weight content of JX70 and JZ70 iron-based oxygen carriers were 
measured by a X-ray diffractometer with Cu Kα radiation and a X-ray fluorescence. 
2.3. Thermal Gravimetrical Analysis Tests  
The reduction performance of iron-based oxygen carriers was evaluated on a thermogravimetry. The 
oxygen carriers were exposed to reduction gas (H2, 80ml/min) at 800°C, 850°C, 900°C and 950°C for 
10min to get the reduction conversation. A temperature programmed reduction analysis (TPR) was 
carried out under the 20ml/min H2 condition. The starting and the maxed reaction rate temperature can be 
measured. The sample amount was about 20mg and the particle size was between 0.1~0.2 mm for all 
experiments. 
 
2.4. Hydrogen Production in a Fixed Bed Reactor 
The amount of oxygen carriers was 4g and the particle size was between 0.45~0.9 mm for the fixed 
bed reactor tests. The reaction temperature was 900ć and the oxygen carriers was exposed to alternating 
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CO (100ml/min), steam(together with N2, 1000ml/min) and air (80ml/min) for 10 cycles to evaluate the 
performance in hydrogen production. 
3. Results and Discussion 
3.1. Phase Composition and Content  
X-ray diffraction and X-ray fluorescence was used to detect the phase composition of oxygen carriers 
prepared by wet and dry mixing methods. Results in Table 1 showed that the mass content of Fe2O3 phase 
and Al2O3 phase in iron-based oxygen carriers Fe2O3/ Al2O3 prepared by both methods was nearly 
consistent with the design value. Wet and dry mixing methods could be suitable methods to prepare 
satisfactory oxygen carriers. 
Table1. Phase composition and weight content of JX70 and JZ70 oxygen carriers 
Samples  Crystalline Phase Weight Content wt% 
JX70 
Fe2O3 70.31 
Al2O3 28.56 
JZ70 
Fe2O3 69.51 
Al2O3 29.16 
3.2. Reduction Performance 
The reduction performance was very important to realize the full conversion of fuels. Besides, the 
degree of iron reduction affected the hydrogen production in the subsequent reaction with steam after 
reduced by fuels. The H2-TPR investigation results in Fig.1 (a) showed that the starting reaction 
temperature of JX70 was about 300°C and the max reduction rate was at 468°C. The reduction of JZ70 
started at about 400°C and the max reduction rate was at 529°C. The JX70 sample presented higher 
reactivity than JZ70. 
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Fig. 1. (a) X-ray diffraction scanning results of JX70 and JZ70; (b) Reduction reactivity of JX70 and JZ70 at different temperatures; 
(c) Hydrogen production in a fixed bed reactor for 10 cycles 
The results in Fig.1 (b) showed that the reduction reactivity depended on temperature. In the 800°C -
950°C temperature range, 900°C was the best temperature to realize the highest reduction conversion of 
oxygen carriers exposed to 80ml/min H2 for 10min. The higher temperature was favorable for the 
reduction reaction. JZ70 maintained relatively stable max conversion of about 85% while JX70 got the 
max conversion of 98% at 900°C but only 72% at lower temperature 800°C. 
3.3. Hydrogen Production  
JX70 and JZ70 oxygen carriers were tested in the fixed bed reactor for 10 cycles to investigate the 
performance in hydrogen production. As shown in Fig.1 (c), in the first few cycles, JX70 yielded 
hydrogen about twice as much as JZ70. The hydrogen production of JX70 was about 2200μmol H2/g 
Fe2O3 in cycle 1. However, with the increase in cycle number, the hydrogen yield began to fall and finally 
fell to 890μmol H2/g Fe2O3. At the same time, JZ70 maintained relatively low hydrogen yield about 
800μmol H2/g Fe2O3 after the first 3 cycles.  
The oxygen carriers reacted with steam to produce hydrogen after reduction by fuels, so the reduction 
degree had a great influence on the hydrogen production. In the reduction process, JX70 got reduction 
conversion of almost 98% which indicated that JX70 owned good reduction performance than JZ70. 
Therefore, in the hydrogen production process, JX70 yield much more hydrogen than JZ70. 
4. Conclusions 
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In this study, reactivity of iron-based oxygen carriers supported on Al2O3 were investigated for 
hydrogen production via chemical looping process. Both dry and wet mixing methods were suitable to 
prepare oxygen carriers Fe2O3/Al2O3. The JX70 oxygen carrier prepared by dry mixing method presented 
better performance than JZ70 oxygen carrier prepared by wet mixing method in the reduction process 
investigated on a thermogravimetry as well as the hydrogen production process investigated in the fixed 
bed reactor. The cycle performance of oxygen carriers prepared by dry mixing method needs to be 
improved in the subsequent research. 
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